ABSTRACT The root of Angelica gigas (Korean angelica) is traditionally used to treat women's ailments that are caused by an impairment of menstrual blood flow and cycle irregularities. This study evaluated the effect particle size of Korean angelica powder on its efficacy for treating estrogen-related symptoms of menopause. Initially, Korean angelica roots were pulverized into ultrafine powder, and orally administered to the rats at a concentration of 500 mg/kg body weight for 8 weeks. The effects of Korean angelica powder particle size on extraction yield, contents of bioactive compounds (decursin and decursinol angelate), levels of serum ovarian hormones (estradiol and progesterone), reproductive hormones (luteinizing hormone and follicle-stimulating hormone), and experimental osteoporosis parameters (mineral density, strength, and histological features) were determined. A significant increase (fivefold) in the contents of decursin and decursinol angelate in the extract of the ultrafine Korean angelica powder was observed compared to coarse Korean angelica powder. Rats were divided into shamoperated or ovariectomized (OVX) groups that were fed coarse (CRS) or ultrafine (UF) ground Korean angelica root. The serum levels of estradiol in the OVX_UF group were 19.2% and 54.1% higher than that of OVX_CRS group. Serum bonealkaline phosphatase/total-alkaline phosphatase index in the OVX_UF group was half that of the OVX_CRS group. In addition, less trabecular bone loss and thick cortical areas were observed in rats administered ultrafine powder. Therefore, ultrafine grinding may enhance the bioactivity of herbal medicines and be especially useful when their extracted forms lose bioactivity during processing, storage, and oral intake.
INTRODUCTION D
uring menopause, the loss of natural ovarian function often leads to the development of endocrine disorders, which ultimately lead to serious health consequences in women. During the menopausal transition, the synthesis of ovarian hormones, such as estrogen and progesterone progressively decrease, while the secretion of gonadotropic hormones, including follicle-stimulating hormone (FSH) and luteinizing hormone (LH) increase; consequently, menopausal symptoms prevail. 1 The primary symptoms of menopause are hot flashes, sleeping disorder, joint pain, and fatigue. 2, 3 In addition, disorders, such as osteoporosis, cardiovascular disease, and emotional anxiety are commonly observed. 4, 5 Osteoporosis, is of particular concern in women due to decreased estrogen levels, which leads to an imbalance between bone resorption and bone synthesis, followed by bone loss and fractures. 6 To reduce menopausal symptoms, hormone replacement therapy is generally prescribed with estrogen alone or in combination with progesterone. However, these hormones are often accompanied by side effects, such as endometrial hyperplasia, uterine bleeding, and breast cancer. 7, 8 Therefore, herbal medicines are becoming increasingly popular as they tend to mitigate the symptoms with fewer side effects.
Angelica gigas (Umbelliferae) root has been traditionally used in Korean folk medicine as a tonic and for treatment of anemia and other common diseases. 9 There are also reports of antibacterial and antiamnestic effects, acetylcholinesterase inhibition, depression of cardiac contraction, activation of protein kinase C, and antitumor activity against sarcoma cancer cells. 10 Based on its therapeutic potential, efforts have been made to isolate the active compounds from this plant, leading to the isolation of several coumarin compounds. 11 It has been reported that coumarins, such as decursin and decursinol angelate are the major active compounds of the A. gigas (Korean angelica) root.
Recently, it has also been reported that decursinol and decursin exhibit significant neuroprotecitve activity against glutamate-induced neurotoxicity in primary cultures of rat cortical cells and exhibit potent novel antiandrogen receptor signaling activities in vitro. 13 In addition, several studies have addressed the effects of decursin and its derivatives on the prevention and mitigation of chronic health disorders. 14 It is well known that coumarin derivatives have estrogenic activity, since they bind to intracellular receptors for estradiol and progesterone. 15, 16 Traditionally, hot water extraction is used to isolate bioactive components from dried Korean angelica roots. However, the method is not considered effective, since decursin and its derivatives are not readily soluble in an aqueous environment. In addition, the bioactivity of decursin and its derivatives can be lost upon heating. Grinding different parts of medicinal plants is a considerable challenge, since the process should both preserve and increase the bioavailability of aqueous soluble and insoluble bioactives of the medicinal plants, but it also retains subsidiary nutrients. Thus, the powdered Korean angelica root is considered to possess innate decursin and its derivatives without any severe activity loss. Recently, various ultrafine grinding processes, such as cryogenic grinding and air classifying grinding, which can reduce the particle size below a few micrometers, have been developed. 17, 18 It has been reported that ultrafine particles exhibit higher intracellular uptake compared to their macrosized counterparts. 10, 19 The increased total surface area provides more chance to release bioactives in the gastrointestinal tract and increases absorption through the intestinal wall. However, comparative studies to investigate the effect of particle size on the in vivo bioactivity of medicinal plant powders have rarely been carried out; especially, no study has reported the effect of the particle size of Korean angelica root powders on the mitigation of chronic disorders.
Therefore, the effect of particle size of Korean angelica powder needs to be evaluated. Especially, changes in ovarian hormone levels and osteoporosis risk in vivo are of interest when different sized Korean angelica powders are orally administrated to animals. An ovariectomized experimental menopause-induced rat is a good animal model to investigate the size effect of Korean angelica powder on the changes in ovarian hormones and bone characteristics. In the present study, estradiol, progesterone, LH, and FSH in blood serum and the bone characteristics, such as serum total-alkaline phosphatase (TALP), serum bone-alkaline phosphatase (BALP), bone mineral density (BMD), bone stiffness, and bone histology are evaluated in the ovariectomized rats fed with different-sized Korean angelica powders.
The goals of this study were to prepare ultrafine Korean angelica powder, and to determine the effect of differentsized Korean angelica powders on the change in ovarian hormones, such as estrogen, progesterone, LH, and FSH and experimental osteoporosis parameters, such as serum TALP, serum BALP, BMD, bone stiffness, and bone histology in the ovariectomized rats.
MATERIALS AND METHODS

Preparation of different-sized A. gigas root powder
Coarse milling. A pin crusher ( JIC-P10-2; Myungsung Machine, Seoul, Korea) equipped with a 30-mesh sieve was used for coarse milling. Dried A. gigas Nakai roots harvested from the Jin-bu area (Korea) were milled at 112 g to achieve the required particle size. The milled powder was fractionated using a sieve shaker (CG-213, Ro-Top, Chunggye Industrial Mfg. Co., Seoul, Korea) equipped with a series of sieve standard sieves (F 20 cm). The powders were passed through the sieves with 300-lm mesh size, and rejected particles were ground again with the pin crusher. This powder fraction process using the sieve shaker allows the preparation of reproducible samples with similar particle size distribution. The fractionated powders were stored in a desiccator at 25°C before further ultrafine milling.
Ultrafine milling. An ultrafine air mill (Turbo Mill, HKP-05; Korea Energy Technology, Seoul, Korea) was used to obtain ultrafine powder. The coarse powders prepared previously were pulverized into ultrafine powder particles with sizes in the range of 0.1-50 lm in the milling chamber with a cooling jacket (-10°C to 25°C). Feeding rate and circumferential velocity of the impeller in the grinding zone were fixed at 3 kg/h and 100 m/s, respectively. Simultaneously, a centrifugal air-classification system classified the powders depending on the particle size. In this system, when the particle size of powders is reduced enough to pass through a classification hole, the particles are transported to an outlet; otherwise the particles remain in the grinding zone. The ultrafine Korean angelica powder obtained was stored in a desiccator until use.
High-performance liquid chromatography analysis of extracts in different-sized A. gigas root powder One gram of the different-sized Korean angelica root powders was mixed with 20 mL of distilled water. Subsequently, the mixtures were placed in a water bath at 95°C for 3 h under stirring to obtain hot water extracts of the Korean angelica powders. The mixtures were filtered to separate the supernatants and the sediments. The supernatants were dried in a vacuum-evaporator (Korean angelica extracts).
High-performance liquid chromatography (HPLC; LC-20AT, Shimadzu Scientific Instruments, Tokyo, Japan) was used for quantitative analysis of the Korean angelica extracts; the operating conditions are shown in Table 1 . The solutions at 5, 10, 20, and 40 lg/mL of decursin and decursinol angelate were prepared to plot their calibration curves. Each solution was injected and the subsequent chromatogram was recorded; the peak areas of decursin and decursinol angelate were converted into corresponding concentrations.
Particle size measurement
Particle sizes of both coarse and ultrafine Korean angelica powders were determined by a particle size analyzer (Mastersizer 2000; Malvern Instruments Ltd., Worcestershire, United Kingdom), which adopted the laser diffraction technique for the size measurement.
For the size measurement, each sample suspension was prepared by mixing the powder with 10 mL of deionized water at a ratio of 1:400 (w/v) and stirring on a magnetic stirrer at 25°C for 30 min. A sample of suspension was placed in a size measurement cell and its particles size was measured at 25°C with the fixed scattering angle at 165°. All samples were measured in triplicate and the mean particle size was calculated on the basis of a volume median diameter.
The polydispersibility representing the range of the particle size distribution of two different-sized Korean angelica powders can be indicated by the span value. 20 The span provides information on the degree of homogeneity and reliability of particle distribution. For the calculation of the span, Equation (1) was used:
where F represents particle diameter, and subscripts represent percent of cumulative particle size.
Scanning electron microscopy
Micrographic determination of particle size and morphological features of both coarse and ultrafine Korean angelica powders was performed using a field-emission scanning electron microscope (SEM; S-4300; Hitachi, Tokyo, Japan). For the SEM analysis, the equipment was operated at an accelerating voltage of 15.0 kV for the different-sized Korean angelica powders.
In vivo study
Animals and diets. Twenty female Sprague-Dawley rats aged 5 weeks were purchased from DooYeol Biotech (Seoul, Korea). The animals were provided chow diet ad libitum for a week. Each animal was placed into a separate stainless steel cage, and the temperature and humidity were controlled at 20°C-25°C and 30-35%, respectively, with a 12-h light-12-h dark cycle. The animals were fed with 20 g of AIN-93G diet as listed in Table 2 and allowed free access to water. After acclimatization, 15 rats were ovariectomized to induce menopause and 5 rats were sham-operated. The animals were randomly divided into four groups as follows: (1) Sham-operated and non-Korean angelica powderadministered group (SHAM), (2) OVX and non-Korean angelica powder-administered group (OVX), (3) OVX and coarse Korean angelica powder-administered group (OVX_CRS), and (4) OVX and ultrafine Korean angelica powder-administered group (OVX_UF). After 5 weeks, 2 mL of Korean angelica suspensions containing 0.34 g Korean angelica powder in 0.5% carboxyl methyl cellulose solution (Happy Call Co. Ltd., Gyeonggi-do, Korea) were administered orally every day for 8 weeks. The animal study procedures were approved by the Institutional Animal Care and Use Committee (IACUC) of Sejong University (permit# SJ-20100601001).
Sampling
At the end of the experimental period, all animals were fasted for 12 h and 1 mL of blood from each animal was collected via orbital sinus from the eye. The collected blood samples were centrifuged at 1000 g (High-Performance Personal Table Top Centrifuges CF-10; Daihan Scientific, Seoul, Korea) for 15 min to separate serum from the blood, and all of them were preserved in a deep freezer (-40°C) until analysis. All animals were sacrificed by ether asphyxiation. Left tibias and femurs were dissected cautiously for bone analysis. The amputated tibias were fixed in 10% buffered formalin (Sigma-Aldrich, Steinheim, Germany) and the femurs were frozen until analysis.
Serum hormones
Ovarian hormones, such as estradiol, progesterone, LH, FSH in serum were determined by ELISA kits (Endocrine Technologies, Inc., Newark, CA, USA) according to the manufacturer's protocols. In brief, each serum sample was diluted using a solution provided in the kit. The diluted sample was dispensed in each well and incubated at an appropriate temperature and for a specified time, followed by washing five times with a washing buffer. The diluted sample was mixed with 3,3 0 ,5,5 0 -tetramethylbenzidine color reagent in each well, and the mixture was incubated. Finally, HCl was added to stop the reaction. The optical density was measured by using a microwell reader (ELx800, Bio-Tek Instrument, Inc., Winooski, VT, USA) at 450 nm. Hormones levels were calculated using the standard curves.
Serum TALP and BALP levels
Serum TALP was determined by the colorimetric method with p-nitrophenyl phosphate (PNPP; Sigma-Aldrich, St. Louis, MO, USA). To determine the serum TALP activity, 50 lL of serum was mixed with 1 mL of 3 mM magnesium acetate solution (Sigma-Aldrich) and incubated in a water bath at 30°C for 5 min, followed by adding 2 mL of 0.5 M PNPP solution. The absorbance of solutions was measured using a spectrophotometer (DU 730, Beckman Coulter, Inc., Fullerton, CA, USA) at 403 nm wavelength for 2 min. Serum TALP activity was calculated by using Equation (2):
where DA is absorbance change for t min, e is p-nitrophenoxide molar absorptivity (18.8 · 10 3 L/mol$cm), 10 6 is the unit conversion of mol to lmol (10 6 lmol = 1 mol), and V T and V sol are the total volume of the mixture and the solution volume, respectively.
Serum BALP was also measured by the precipitation method 22 through wheat germ agglutinin binding to Nacetylglucosamine (Sigma-Aldrich) in serum. Each serum sample was mixed with the diluted Triton X-100 (SigmaAldrich) solution in a ratio of 10:1 and incubated at 37°C for 30 min. The diluted sample was blended with 50 lL of 5 g/L wheat germ agglutinin solution (Lectin from Triticum vulgaris, Sigma-Aldrich) and incubated at 37°C for 30 min.
The supernatant of each sample was obtained after centrifugation (5810R, Eppendorf North America, Inc., Westbury, NY, USA) at 500 g for 10 min, and subsequently the absorbance of the supernatant was measured (A SN ). Serum BALP activity was calculated by using Equation (3):
BMD and stiffness
Piximus mouse densitometer (Lunar Piximus 2, GE Lunar Corporation, Madison, WI, USA) was used to determine BMD and bone mineral content (BMC) of the femur. To determine BMD and BMC, the apparatus was first calibrated according to the manufacturer's instruction. Each femur was placed in the chamber under the X-ray beam path, and the whole region of it was scanned for *5 min and its head region was then subsequently measured. The density of each femur was calculated by Lunar Piximus software.
Bone stiffness was measured by using a bone strength meter (EJ-02R, Iwoo Scientific Corporation, Seoul, Korea) and the measurement was performed by a three-point bending machine. Femurs were placed on the 2-point sample holder and the measuring point was located over the center of the sample. The maximum load and stiffness of bone fractions were measured at 10 mm/min velocity. The analysis was performed at the Korean Institute of Toxicology (Daejeon, Korea).
Bone histology
For microscopic histological observation, sectioned trabecular bone and cortical bone of the embedded left tibia were collected and stained with hematoxylin & eosin dye. Images were captured by a photomicroscope (Axiophot Olympus IX70, Zeiss Corporation, Jena, Germany) at 40· magnification.
Statistical analysis
ANOVA and Duncan's multiple tests were performed to analyze the differences between experimental results (SAS Institute, Inc., Cary, NC, USA). All data are expressed as mean -standard deviation and the level of significance is P < .05.
RESULTS AND DISCUSSION
Particle size distribution and morphology
The particle size distribution of different-sized Korean angelica powders is shown in Figure 1 . The diagrams show that the coarse Korean angelica powder has a relatively 866 CHOI ET AL.
broader size distribution compared to ultrafine powder. The cumulative size curve of coarse powder was under a bias toward large particles, while that of ultrafine powder showed relatively bilateral symmetry. The cumulative particle size distributions D(0.1), D(0.5), and D(0.9) of the Korean angelica powders are listed in Table 3 . The mean particle sizes of coarse and ultrafine Korean angelica powders based on D(0.5) were 159.4 and 12.6 lm, respectively. The span values of coarse and ultrafine Korean angelica powders were 2.51 and 2.03, respectively. Ultrafine powder possessed a lower span value, indicating that the sample has a narrow particle size distribution than coarse powder. The micrographs of all Korean angelica powders obtained from field-emission SEM are shown in Figure 2 . Both coarse and ultrafine powder particles exhibited irregular shapes with a rugged surface.
Contents of decursin and decursinol angelate
Contents of decursin and decursinol angelate were determined by HPLC (Fig. 3) . The contents of decursin and decursinol angelate were not uniform in different-sized Korean angelica powders. Analytical determinations show that the extract from the ultrafine Korean angelica powder is higher in yield and contains higher concentrations of decursin and decursinol angelate than those from the coarse powder. The contents of decursin and decursinol angelate in the extract of the ultrafine Korean angelica powder were 14.70 and 9.17 lg/g of dry weight of Korean angelica powder, respectively, whereas those in the coarse Korean angelica powder were 2.84 and 1.81 lg/g of dry weight of Korean angelica powder, respectively ( Table 4) . The contents of decursin and decursinol angelate were significantly higher in ultrafine Korean angelica powder than in coarse powder, since in the coarse powder they remained bound within the intact cell wall structure. The relatively high shear rate during ultrafine milling increased the breakdown of cell wall structure, and subsequently, the decursin and decursinol angelate eluted easily from the Korean angelica powders. These results demonstrate that the milling process affects the physicochemical properties and texture of medicinal plants and grain of cereal plants. 23 
Body weight and food intake efficiency
The effects of the different-sized Korean angelica powders on the transition of the body weight and total weight gain are shown in Table 5 . Several studies have reported that an ovariectomy leads to increased body weight and food intake by decreasing ovarian hormones levels. 24, 25 Initial body weights were not significantly different between the four groups, but total body weights of ovariectomized rats were significantly higher compared with sham-operated rats at the end of experiment, probably due to insufficient ovarian hormone secretion. There were no significant differences in the total body weight gain among ovariectomized rats. From these results, it can be concluded that Korean angelica powder has no effect on ovariectomyinduced weight gain, which is consistent with observations that isoflavones have no effect on the body weight gain of ovariectomized rats. 26, 27 The food efficiency ratio (FER) defined as a body weight gain against total diet intake could give more reliable data on the body weight transition (Fig. 4) . FERs of ovariectomized groups were relatively high compared to the sham-operated group because ovariectomy leads to more body weight gain. Among ovariectomized groups, rats fed with ultrafine powder had significantly lower FERs compared even though body weight gains were not significantly different.
Serum hormones
The effects of the different-sized Korean angelica powders on serum hormones levels in ovariectomized rats are shown in Figure 5 . During menopausal transition, the serum levels of ovarian hormones, such as estradiol and progesterone, decrease rapidly by the decline in ovarian function. 28 The serum levels of the estradiol among SHAM, OVX, OVX_CRS, and OVX_UF were 250, 156.6, 214.2, and 255.3 pg/mL, respectively. The serum levels of estradiol in the OVX_UF and OVX_CRS groups were 63% and 41% higher, respectively, compared with the OVX group (P < .05). The serum level of the estradiol in the OVX_UF group was the highest among all the groups. The OVX_CRS group represented the higher estradiol level than the OVX Means with different superscript letters in the same column are significantly different (P < .05).
SHAM, nonovariectomized + no Korean angelica supplement; OVX, ovariectomized + no Korean angelica supplement; OVX_CRS, ovariectomized + coarse Korean angelica powder supplement; OVX_UF, ovariectomized rat + ultrafine Korean angelica powder supplement; SD, standard deviation.
FIG. 4. FER in ovariectomized rats. ab
The different superscript letters represent significant difference (P < .05). FER, food efficiency ratio; SHAM, sham-operated rats; OVX, ovariectomized rats; OVX_CRS, ovariectomized and coarse Korean angelica powdersupplemented rats; OVX_UF, ovariectomized and ultrafine Korean angelica powder-supplemented. group despite the lower level than OVX_UF. The serum levels of the progesterone among SHAM, OVX, OVX_CRS, and OVX_UF were 552.4, 353.6, 347.1, and 534.9 ng/mL, respectively. The serum level of progesterone in the OVX_UF was 51% higher compared with the OVX group, but there was no significant difference between OVX_CRS and OVX. In general, insoluble food materials have low bioavailability due to their poor solubility. Particle size reduction can lead to the improved bioavailability of food materials by increasing the solubility and providing greater surface areas for biochemical reactions. 29 In addition, the relatively high shear rate during ultrafine milling increased the breakdown of cell wall structure, and subsequently the useful bioactive components, such as decursin and decursinol angelate, eluted easily from the Korean angelica powders, which may be responsible for the increased effectiveness of the ultrafine Korean angelica powder on the serum levels of estradiol and progesterone than coarse Korean angelica powders. Decursin and decursinol angelate stimulate the estrogen and progesterone receptors by acting as natural estrogen and progesterone. In this study, decursin and its derivatives might act as estradiol and progesterone analogues resulting in the stimulation of those receptors. 15, 16 The serum levels of LH and FSH among groups of SHAM, OVX, OVX_CRS, and OVX_UF were 5.5, 3.2, 4.0, and 6.3 ng/mL (LH) and 0.34, 1.25, 1.06, and 1.05 ng/mL (FSH), respectively. There have been some reports indicating that the serum levels of LH and FSH increase during the postmenopausal period 1,30 depending on ethnicity, age, body size, and lifestyle factors. In this study, the serum level of FSH increased in OVX groups compared to the sham group. FSH levels were lower in the Korean angelica administered group, but there was no significant difference (P < .05) between the OVX_CRS and OVX_UF groups. The serum level of LH increased in the Korean angelica powderadministered groups. Moreover, the serum level of LH increased with decreasing particle size.
Serum TALP and BALP
Serum TALP and BALP activities in ovariectomized rats are shown in Figure 6 . ALP is made in the liver, bone, kidney, and placenta, and is known to be released during injury, bone growth, and pregnancy. In this study, the serum TALP levels of SHAM, OVX, OVX_CRS, and OVX_UF groups were 103.83, 162.23, 165.48, and 107.07 U/L, respectively. Although serum TALP activity is a good marker of bone formation, its activity can have an inaccurate result in the presence of another disease, such as hepatobiliary. Elevated serum BALP activity is observed in osteoporosis patients, which is due to the imbalance between bone resorption and bone formation. Serum BALP activity has been gradually recognized as a potential bone formation index, which could indicate accurate activity of serum ALP at specific conditions. 31 The serum BALP levels of SHAM, OVX, OVX_CRS, and OVX_UF groups were 10.53, 49.25, 56.42, and 24.3 U/L. The serum levels of TALP and BALP were higher in OVX groups than the SHAM group (P < .05), which is due to the ovariectomy in OVX groups resulting in the increase of serum ALP concentration in blood. 32 In addition, the ratio of BALP to TALP (BALP/TALP) was suggested that serum BALP/TALP can be a useful index for bone formation. 31 The lowest serum BALP/TALP ratio was observed in the SHAM group, whereas the highest one was shown in the OVX group (Fig. 6) . The serum BALP/TALP ratio of the ovariectomized rats fed with ultrafine Korean angelica powder was lower compared with the OVX and OVX_CRS groups. The result is in good agreement with the report 33 that reduction of estradiol secretion during menopausal period increases serum BALP concentration. It is indicated that severe bone regeneration during the menopausal period caused by ovariectomy increases serum BALP concentration. Therefore, intake of Korean angelica powder, especially ultrafine, improves bone formation of ovariectomized rats by preventing estrogen reduction.
BMD and mineral content
BMD and BMC values for left femur of ovariectomized rats are listed in Table 6 . BMC values were similar between all experimental groups. BMD is considered to be an indicator of osteoporosis in postmenopausal women without undergoing a bone fracture, because BMD is closely associated with bone fractures. 34 According to the National Osteoporosis Risk Assessment (NORA) study, 35 risk of bone fracture is 2.74-fold higher in women with osteoporosis and 1.73-fold higher in women with osteopenia than normal women. In this study, BMC was the same among all experimental groups at the end of experiment. BMD between groups of SHAM, OVX, OVX_CRS, and OVX_UF were 0.154, 0.141, 0.136, and 0.152 g/cm 2 , respectively. The group fed with ultrafine Korean angelica powder showed similar BMD levels as the SHAM group, but higher levels than the OVX and OVX_CRS groups. Given the ovarian hormone levels, these results indicate that a high BMD level in the OVX_UF group is strongly related to the amount of ovarian hormone secretion.
Bone strength and stiffness
Bone stiffness, maximum load, and fracture load for left femur are shown in Table 7 . In general, evaluation of BMD is effective for indicating the bone loss rate in osteoporosis, but it has limitations for predicting an actual bone fracture, and bone stiffness is also important for predicting the risk of fracture. 36, 37 In this study, bone stiffness values in the groups fed with coarse and ultrafine Korean angelica powders were 123.94 and 120.87 N/mm, respectively, and were higher than that in the OVX group.
Bone strength can be predicted by measuring the maximum load or the fracture load. 38 Bones of the rats fed with ultrafine Korean angelica powder showed the highest maximum load-bearing of 102.27 N, but there was no significant difference among all groups (P < .05). On the contrary, the fracture load showed a significant difference between The different superscript letters represent significant difference (P < .05). BALP, bone-alkaline phosphatase; TALP, total-alkaline phosphatase. groups. The fracture load in the rats fed with ultrafine Korean angelica powder was similar to that in the shamoperated rats. However, the OVX group showed the lowest fracture load as expected. The differences in the fracture load among the groups exhibited a similar pattern to BMD, indicating these results are consistent with an earlier report 39 of a close relationship between BMD and the fracture load. Figure 7 shows the change of distribution of bone matrices observed from a trabecular bone and a cortical bone in the left tibia of ovariectomized rats. Ovariectomy impedes the formation of bone tissues, making a trabecular bone thin and dwindling, and further inducing low BMD. 40 Trabecular bones of a sham-operated rat showed a little loss in the right side of the epiphyseal plate compared to the other groups, while ovariectomized groups showed a severe loss of trabecular bone tissue sporadically. Plenty of trabecular loss was observed in ovariectomized rats. Although a similar trabecular bone loss was observed in the rats fed with coarse Korean angelica powder, an enlarged trabecular area was established near the epiphyseal plate compared to the OVX group. Compared to other ovariectomized groups, a more spacious and thick trabecular area was observed in the rats fed with ultrafine Korean angelica powder. This tendency is similar to the BMD result, which indicates that the structural integrity of the trabecular bone is strongly associated with BMD.
Bone histology
Loss of cortical bone is caused predominantly by decreased ovarian function, rather than aging in the menopausal period. 41 Also, it is reported that ovariectomy affects both formation and resorption of bone tissue, resulting in decreased bone strength and cortical thickness. 42 Figure 7 indicates that cortical bone thickness and area decreased in both ovariectomized and coarse Korean angelica powder administered rats. On the contrary, the cortical distribution in the rats fed with ultrafine Korean angelica powder was almost the same as in the sham-operated rats. The cortical bone distribution is related to factors, such as the maximum load or the fracture load, reflecting bone strength. 43 In this study, the cortical bone thickness was proportional to the increase of bone strength.
SUMMARY
A. gigas has long been used as a treatment of women's ailments. In this study, different-sized Korean angelica powders were administered to ovariectomized rats to demonstrate the effect of particle size on the reversal of the physiological outcomes of decreased estrogen levels during menopause. It is expected that a smaller particle size could improve bioavailability by increasing the surface area. Consequently, the ovarian hormones, including estrogen and progesterone, increased significantly in the ovariectomized rats fed with ultrafine Korean angelica powder, and also increased bone metabolism. In conclusion, ultrafine grinding is a good technology to make herbal powder products for enhancing the bioavailability and bioactivity in various food and nutraceutical applications.
